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reveal tenderness around the greater trochanter; reduced power on resisted abduction of the hip; and gait deviation, most commonly an antalgic and/or Trendelenburg gait 3, 5 . Diagnosis can be confirmed with peritrochanteric injections, with which pain is commonly relieved but weakness persists 6 . Magnetic resonance imaging (MRI) may reveal tendinosis, a partialthickness tear, or a full-thickness tear with loss of continuity 7 . Nonoperative management is generally the initial treatment for attritional gluteus medius tears 6 . Conservative treatment consists of physical therapy, functional modifications, peritrochanteric cortisone injections, local anesthetic injections, and anti-inflammatory medications. Newer treatments such as blood-product (e.g., platelet-rich plasma) injections are being investigated, but there is limited evidence to support their routine use 8 . Surgical intervention is recommended for patients who have debilitating pain despite nonoperative management. Traditionally, open repairs have been performed and have resulted in significant improvement in patient-reported scores, pain scores, abductor strength, and gait in several case series [9] [10] [11] . With advances in instrumentation and tendon-to-bone fixation techniques, endoscopic techniques have been developed to treat gluteal tears [12] [13] [14] [15] . Small case series of patients treated with these techniques have demonstrated outcomes comparable with those of open techniques, with a lower complication rate 15 . We previously reported on what we believe to be the largest series of patients treated with endoscopic gluteus medius repair up to that time 12 . That study, which included fifteen patients followed for a minimum of two years, demonstrated significant improvements in mean pain and patient-reported outcome scores from baseline. The purpose of the present report is to provide an update on our previous study, with the inclusion of additional patients with a minimum of two years of follow-up.
Materials and Methods

D
ata on all patients treated with hip arthroscopy by the senior surgeon (B.G.D.) between April 2009 and January 2012 were prospectively collected. All patients who had undergone endoscopic gluteus medius repair, had been followed for a minimum of two years, had not undergone previous hip surgery, and had had no previous hip condition were eligible for inclusion in the study. Demographic data such as sex, age, height, weight, and body mass index (BMI) were recorded. This study received approval by our institutional review board.
We documented the findings of the preoperative physical examinations of all hips. Abnormal gait was defined as antalgic and/or Trendelenburg. An antalgic gait was defined as a shortened stance phase on weight-bearing on the affected side, and a positive Trendelenburg sign was recorded if the contralateral hip sagged or the trunk swayed to the contralateral side on single-leg stance. Hip abductor strength was measured with the patient lying laterally, the affected lower limb extended at the hip and the knee, and the hip slightly internally rotated. Muscular strength was documented according to the Medical Research Council (MRC) grading of muscle power on a scale of 0 to 5, with 0 indicating no power and 5 indicating full strength. Diagnoses of gluteal tears and concomitant pathological conditions were confirmed on MRI. Table I summarizes our indications for endoscopic gluteus medius repair. All patients had a partial or full-thickness tear of the gluteus medius tendon as seen on MRI as well as an absence of substantial retraction that would preclude a successful arthroscopic repair. Endoscopic confirmation of a repairable gluteus medius tear was obtained before repair was undertaken. All repairs were performed by the senior author (B.G.D.) with the patient in the supine position. In all cases, diagnostic arthroscopy of the hip joint was first performed to check for concomitant pathological conditions, which were addressed as appropriate. Labral tears were repaired when possible; otherwise, either selective debridement or labral reconstruction with a hamstring autograft was performed.
After completion of all intra-articular procedures, traction was released and the arthroscope was placed in the peritrochanteric space. The portals used for a gluteus medius repair are illustrated in Figure 1 . Trochanteric bursectomy was performed and then the entire peritrochanteric space, including the gluteus medius and maximus insertions, was examined. The extent of the gluteus medius tear was graded on a scale of 1 to 4. Grade 1 was defined as a partial tear involving >0% to <25% of the tendon thickness; grade 2, 25% to <50%; grade 3, 50% to <100%; and grade 4 was defined as a full-thickness tear.
Surgical Technique
Transtendinous Repair for Partial-Thickness Tears A transtendinous repair technique was used for partial-thickness undersurface tears as previously described (Fig. 2) 
16
. Before the repair was undertaken, the gluteus medius insertion was probed and was confirmed to be destabilized on its undersurface from its attachment to the lateral facet. A longitudinal incision was then made in the tendon in line with its fibers over the middle of the lateral facet. Through a transtendinous window, the torn fibers were identified on the deep side and were debrided with a shaver. The lateral facet was decorticated with use of a burr to create a bleeding bed of bone for healing. The repair was then performed. A 5.5-mm BioComposite Corkscrew anchor (Arthrex, Naples, Florida) was placed in the lateral facet under fluoroscopy, and two horizontal mattress stitches were passed, with one limb of each suture pulled through the anterior part of the tendon and the other suture limb pulled through the posterior part of the tendon. This was repeated as dictated by the extent of the tear. The sutures were then tied down with a standard arthroscopic knot-tying technique, closing the tendon over the lateral facet. This technique resulted in a side-to-side repair of the longitudinal tendon split while firmly approximating the tendon to the footprint on the lateral facet.
Completion of the Tear and Suture Bridge Repair
Suture bridge repair was used for full-thickness and near-full-thickness tears of the tendon; the near-full-thickness tears were completed prior to this repair ( Fig. 3) 
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. Proximal row fixation was achieved with two 5.5-mm BioComposite Corkscrew anchors in the proximal part of the lateral facet. All four limbs of the suture from each anchor were passed through the tendon with use of a suture lasso (Arthrex), resulting in a total of four horizontal mattress stitches in the proximal row, and were tied arthroscopically. Distal row fixation was achieved by crisscrossing all of the sutures to two 4.75-mm SwiveLock anchors (Arthrex) in the distal part of the lateral facet. This provided additional compression of the tendon against the bone, completing the suture bridge construct.
Rehabilitation
Patients who underwent gluteus medius repair were instructed to use two crutches, bearing partial weight (20 lb [9 kg]), for six weeks and to wear a lowprofile abduction brace (Donjoy X-Act ROM hip brace; DJO Global, Vista, California) continuously except when bathing. Active hip abduction and internal rotation as well as passive external rotation and adduction were avoided for six weeks. Use of the abduction brace was discontinued after six weeks, and patients were weaned off the crutches by six to eight weeks as they met appropriate milestones for pain control, range of motion, and neuroproprioception. They progressed slowly to full strength and activity over a three to four-month period.
Patient-Reported Outcome Measures
The protocol included preoperative and postoperative administration of four hip-specific patient-reported outcome measures: the modified Harris hip score (mHHS), the Nonarthritic Hip Score (NAHS), the Hip Outcome ScoreActivities of Daily Living Subscale (HOS-ADL), and the Hip Outcome Score-Sport-Specific Subscale (HOS-SSS). Patients estimated the severity of their pain on a visual analog scale (VAS) of 0 to 10, where 0 was defined as no pain at all and 10 was the worst possible pain. These scores were recorded at the preoperative visit, at three months postoperatively, and annually thereafter. Patients were also asked to rate their level of satisfaction after surgery, with 10 being extremely satisfied and 0 being not satisfied at all. Transtendinous repair technique for a partial-thickness tear of the gluteus medius (GM) tendon. Fig. 2 -A A longitudinal split is created for selective debridement of a partial-thickness tear of the gluteus medius over the lateral facet (arrow). Fig. 2 -B An arthroscopic burr is used to decorticate the lateral facet (arrow) of the gluteus medius for later endoscopic repair. Fig. 2 -C The suture shuttling technique for a partial-thickness gluteus medius repair. Fig. 2-D The final repair construct after side-to-side endoscopic partial-thickness gluteus medius repair.
Statistical Analysis
On the basis of an observed effect size of 36 points in the mHHS in the preliminary data, and a standard deviation of 20 points, an a priori power analysis indicated that a minimum of twelve patients was needed to achieve significance. The patients' preoperative and postoperative results were compared by using a two-tailed Student t test for continuous variables and a chisquare test for categorical variables. Alpha values of <0.05 were considered significant.
Source of Funding
There was no external funding for this investigation.
Results
O
f the patients treated with gluteus medius repair during the study period, thirty-nine met the inclusion criteria. As five were lost to follow-up, thirty-four (87%) were included in the current study. There were no significant differences in demographic data between the patients with a full-thickness tear and those with a partial-thickness tear at baseline (Table II) .
Ten patients had a full-thickness gluteus medius tear, and twenty-four had a partial-thickness tear (Table II) . Of the twenty-four patients with a partial-thickness tear, fifteen had a tear of at least 50% of the width of the gluteus medius (Table III) . Of the twenty-four partial-thickness tears, seven were treated with completion of the tear and the suture bridge repair technique and seventeen were treated with the transtendinous technique. All full-thickness tears and near-full-thickness tears were treated with the suture bridge repair technique, with the near-full-thickness tears completed before the repair. Concomitant procedures are reported in Table IV. Acetabular cartilage damage was assessed intraoperatively with use of the acetabular Outerbridge and acetabular labrum articular disruption (ALAD) scales 12, 16, 17 . The majority of patients had an ALAD grade of 1 (softening of adjacent cartilage; ten patients, 29%) or 2 (peeling of cartilage; fourteen patients, 41%) (Table III) and an acetabular Outerbridge grade of 1 (softening and swelling of the cartilage; twelve patients, 35%) or 2 (partial-thickness tear of the cartilage; thirteen patients, 38%). Femoral cartilage damage was assessed intraoperatively with the femoral Outerbridge scale. Most patients had no femoral cartilage damage (Outerbridge grade 0; twenty-four patients, 71%).
Abduction strength, which was measured with manual muscle testing on a scale of 1 (weakest) to 5 (strongest), increased from a mean of 4.2 preoperatively to a mean of 4.5 postoperatively (Table V) and increased by at least one grade in twenty-six of the thirty-four patients. Twenty-six of the thirty-four patients showed a gait deviation preoperatively, whereas eleven showed one postoperatively (Table V) . However, neither abduction strength nor gait changed significantly in the overall cohort.
We recorded patient-reported outcome scores preoperatively and at three months, one year, and at least two years (mean, 27.2 months; range, 24.4 to 45.9 months) postoperatively (Fig. 4) . In the overall cohort, all four patient-reported outcome scores improved significantly from the preoperative evaluation to all three postoperative time points. VAS pain and satisfaction scores were collected concurrently with patientreported outcome measures (Figs. 5 and 6 ). The mean VAS Endoscopic repair of a full-thickness gluteus medius tear with use of a double-row repair construct via a suture bridge technique.
score decreased significantly from 6.6 preoperatively to 2.4 at the two-year follow-up visit (p < 0.001). The decrease in the VAS score was also significant at three months and one year compared with preoperatively (p < 0.001). The mean satisfaction score was 8.5 at two years postoperatively, with minimal change from the three-month to the two-year time-point. *The values are given as the number of patients with the percentage in parentheses. †The p values describe the difference between the subgroups of full-thickness and partial-thickness tears. ‡Data missing for one patient with a partial-thickness tear. §Data missing for two patients with a partial-thickness tear. 
1344
T
There were no significant differences between the treatment groups (suture bridge repair or transtendinous technique) with respect to demographic factors, intraoperative findings (other than the grade of the gluteus medius tear), VAS pain score, satisfaction score, patient-reported outcome scores, change in abduction strength, or improvement in gait deviation. 1345
When considered separately, both groups did show significant improvements in the VAS and four patient-reported outcome scores (p < 0.05), except for the HOS-SSS, which did not improve significantly from preoperatively to three months in the group treated with the transtendinous technique (p = 0.08).
Complications
No postoperative complications or re-tears were reported in this cohort. Four patients, two with a partial and two with a full-thickness tear, required a total hip arthroplasty because of continued pain. Two of these patients had Outerbridge grade-3 changes in the acetabulum, and two had grade-4. Two had grade-4 changes in the femur, and one had grade-3. The total hip arthroplasty was performed between eleven and sixteen months after the repairs.
Discussion W e previously reported on fifteen patients with a minimum of two years of follow-up after endoscopic gluteus medius repair 12 . In the present study, we report on an expanded cohort, with the number of patients more than doubled to thirty-four. Consistent with the literature, our cohort had a mean age of fifty-seven years and a predominance of female patients (a female:male ratio of 16:1). We demonstrated favorable results with endoscopic treatment, with a significant improvement in all four patient-reported outcome scores and the VAS pain score. Strength measured with manual muscle testing increased by at least one grade in twenty-six of our thirty-four patients. Fifteen of twenty-six patients with abnormal gait preoperatively had normalization of the gait. No postoperative complications or re-tears were reported. Four of the thirty-four patients subsequently underwent total hip arthroplasty because of persistent pain, which was most likely a consequence of severe cartilage degeneration noted intraoperatively.
The results of our present study are consistent with those in our previously published study of a smaller cohort of patients 12 .
In terms of unfavorable outcomes, similar percentages of patients required a total hip arthroplasty in the two series (12% and 13%). . They reported a 35-point improvement in the mHHS at twelve months, which was maintained at five years. Sixteen of the nineteen patients followed for at least two years were satisfied with the result of the surgery and stated that they would be willing to undergo the procedure again if necessary. In a series of sixteen patients with an open abductor repair, Davies et al. reported five failures (four re-tears and one deep infection) 9 . The remaining eleven patients had significant improvements in the Oxford hip score and Charnley modification of the Merle d'Aubigné and Postel hip score after twelve months of follow-up. The mean change in the VAS pain score was 5 (of 10). Six patients with a Trendelenburg gait preoperatively had a normal gait at twelve months. The heterogeneity of outcome measures makes it difficult to directly compare the results of our endoscopic treatment with those of open gluteal repairs. The magnitude of the improvements in the mHHS and VAS score in our patients is similar to that in the study by Davies et al. 10 . The reported complication rate appears to be higher with open procedures. This may be a reflection of larger incisions and increased tissue dissection. Endoscopic treatment may allow increased mobilization of tears through a more extensive adhesionolysis, potentially decreasing the re-tear rate.
The literature on the outcomes of endoscopic treatment for gluteus medius repairs is limited. Voos et al. reported on a series of ten patients who had undergone endoscopic repair for a full-thickness tear 15 . At the twelve-month follow-up evaluation, all patients reported resolution of pain and the abduction power was grade 5 on clinical examination. Preoperative scores were not reported, but at twelve months the mean mHHS was 94 points and the mean HOS was 93 points with no reported complications. McCormick et al. reported on a series of eleven patients who had undergone endoscopic treatment of a gluteus medius tear, with ten of them having follow-up 13 . Again, the authors did not report the preoperative scores, but the mean postoperative scores were 84.7 points for the mHHS and 89.1 points for the HOS, with 90% of the patients reporting satisfaction and all patients demonstrating improved abductor tendon strength. We reported the largest cohort with the longest follow-up. We also reported preoperative scores, which enabled us to quantify the magnitude of improvement. The magnitude of the two-year scores in our patients is comparable with the scores reported in the above studies.
One of the most important strengths of this study is that it included the largest reported number of patients evaluated after an endoscopic repair and the longest duration of follow-up. This study had an 87% patient retention rate, well-documented preoperative outcome data, and prospectively collected patientreported outcome measures.
A number of pertinent limitations of this study should also be discussed. We used the MRC system for grading muscular power, which is an inadequate clinical tool for detecting subtle variations in muscle strength. Also, postoperative MRI was not routinely ordered unless clinically indicated but would have been useful to determine if radiographic markers of healing were present and corresponded with the functional and objective clinical improvements that we reported. In addition, a large number of patients had intra-articular lesions addressed concurrently. It is possible, therefore, that in some patients the lateral hip pain decreased because their intra-articular pathological condition was addressed. However, our approach is to address potential pain generators, both intra-articular and peritrochanteric, at the time of an index abductor repair. Additionally, we believe that our cohort is representative of patients with a gluteus medius tear. The major difference between our study and studies on open intervention is that the patients in the previous cohorts did not have arthroscopic treatment of intra-articular lesions. Finally, our study was limited by the lack of a nonoperatively treated control group.
In conclusion, endoscopic techniques for the repair of gluteus medius tears have the potential advantage of less tissue dissection and greater mobilization of the tendon, which may lead to fewer wound complications and re-tears. We found excellent subjective and objective results at a minimum of two years postoperatively. n
